Purpose:Geneticfactorsandenvironmentalexposuresarerecognizedasimportantriskfactorsforatopicdermatitis(AD)inchildren.
INTRODUCTION
Atopic dermatitis (AD) is a genetically determined, chronic, relapsing and highly pruritic inflammatory skin disease frequently associated with the development of allergic rhinitis or asthma.
1) The prevalence of AD is increasing in developed countries, including Korea, probably due to changes in lifestyle and the environment. [2] [3] [4] [5] The etiology of AD is thought to be associated with diverse factors including personal, genetic and environmental factors. The rapid increase in the prevalence of AD over the last 30 to 40 years suggests that environmental factors rather than genetic effects are responsible for this increased prevalence, although interactions between genetic and environmental factors may also be important. [6] [7] [8] Recent clinical research has therefore focused on identifying gene-environment interactions that contribute to the development of allergic diseases including AD. 4, [8] [9] [10] [11] [12] [13] Household moisture and mold are associated with adverse health effects in children, 14, 15) and mold is considered as a key indoor environmental exposure. 16) Previously we reported early life exposure to mold was important risk factor for the development of AD especially in susceptible children. 4 damage, were associated with increased risk of AD in childhood, 17, 18) but this association was not found in all studies. 6) The relative importance of mold exposure for the development of AD in preschool children remains unexplored.
Immune responsiveness to many microbial pathogens depends on a family of pattern recognition receptors known as Toll-like receptors, which are the major innate recognition system for microbial invaders in vertebrates. 19) Toll-like receptor 4 (TLR4) recognizes, and transduces intracellular signals in response to bacterial endotoxin, a major component of the bacterial cell wall of gram-negative bacteria. 20) Several studies have shown that TLR4 were related to fungal infection. 21, 22) Several studies showed the associations that inflammatory responses by molds are mediated via TLR4. 23, 24) However, it is not known whether interactions between TLR4 and mold have an impact on the development of allergic diseases, including AD.
The purpose of the present study was to investigate mold as risk factor of AD and gene-environment interaction on AD in preschool children. 
MATERIALS AND METHODS

Subjects and study design
Genotyping
The genotyping of the TLR4 (rs1927911) polymorphism was conducted using a TaqMan in a 384-well plate.
Statistical analysis
Statistic analyses were performed using the IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA). Prevalence rates are presented with their 95% confidence interval (CI). Chi-square test and logistic regression analyses were conducted to identify potential risk factors for AD. Age, sex, and body mass index (BMI) were adjusted as personal factors, parental history of AD as a familial factor, the degree of maternal education as a socioeconomic factor, and sensitization of house dust mite as a confounding factor in multivariate analysis. Sensitization of house dust mite means the positivity on skin prick test or ImmunoCAP of house dust mite. For all analyses P value < 0.05 was regarded as statistically significant.
RESULTS
Prevalence of AD
The prevalence of AD was as follows: lifetime symptoms, 28.0%; symptoms in the last 12 months, 28.7%; lifetime diagnosis by questionnaire, 35.1%; treatment in the last 12 months, 16.6%; current AD (which was defined as lifetime diagnosis by questionnaire together with symptoms in the last 12 months), 21.5% (Table 2 ). In consideration of natural course of AD in children, current AD can be regarded as proper item for evaluating exactly children with AD.
So, we used "current AD" in further statistical analysis. (Table 4 ).
Risk factors for AD
Gene-environment interaction between TLR4
(rs1927911) polymorphism and mold exposure
We also identified a relationship between a specific gene and environment effects that is associated with the development of AD.
Children with only TLR4 polymorphism have no risk on the development of AD (Table 5 ). When children with the CC genotype, however, were exposed to mold (dampness damage) during infancy, the development of current AD was increased (aOR, 3.163; 95% CI, 1.485 to 6.738) ( Table 6 ). For the children with the CC genotype 
DISCUSSION
This was the first representative cross-sectional survey identifying the association between AD and mold exposure in preschool children in metropolitan area of Korea.
In the present study, we identified the fact that mold exposure could be significantly relevant to the development of AD. Our results show that children with a hereditary susceptibility to AD, defined as a parental history of AD, were more likely to develop AD when they had a history of exposure to mold. The coexistence of a parental history of AD and factors related to mold exposure, such Some studies show that TLR4 polymorphisms may have a role in the development of Th2-dominant allergic inflammation. 28, 29) In this study, there was no significant association between the TLR4 (rs1927911) polymorphism and development of AD. However, the risk of AD was increased by mold exposure in children with the CC genotype of TLR4 polymorphism. Even for the relationship between the nonrisk genotype and mold exposure, the present study shows that the risk of developing AD is increased in children who have the specific genotype. It will be important to elucidate the basis of the genetic interaction with mold exposure in future studies. The reason why the effect of TLR4 polymorphism is less than familial history of AD as a hereditary factor: presumably, unknown factors such as other genes except TLR4 or other common environment are regarded as possible explanations.
It was well known that a family history of allergic diseases is associated with the prevalence of AD, suggesting that genetic factors play a central role in the development of childhood AD. 4, 8, 16, 30) In the present study, parental history of AD was the only significant familial risk factor for AD in preschool children; parental histories of other allergic diseases such as asthma and allergic rhinitis were not significant.
Molds are important indoor allergens for asthma and allergic rhinitis, and indoor exposure to certain fungal genera such as Aspergillus and Penicillium has been identified as a risk factor for asthma, atopy and respiratory symptoms in children. 31) One study reported that molds were unrelated to the prevalence of AD, 32) whereas several other studies have reported an increased risk of developing AD associated with mold as home environments. [33] [34] [35] [36] The mechanisms underlying the association between mold and AD are not known. The skin is an active immunological organ that functions as a primary defense and biosensor to the external environment. 37) Skin barrier dysfunction caused by environmental proteases has emerged as a critical driving force in the initiation and exacerbation of AD and the "atopic march" in allergic diseases. 38) Mycotoxins are secondary metabolites produced by mold as they grow. Many studies have shown that inhalation of molds and their products (e.g., conidia and mycotoxins) leads to adverse health effects such as allergic and respiratory diseases. 39, 40) The skin barrier of patients with AD is damaged, which facilitates penetration of allergens such as molds. 11) The findings that mold exposure as potential environmental risk factor could interact with hereditary factors and act on the development of AD were verified in this investigation. However, it is still not known exactly how interaction between TLR4 polymorphism and mold affects the development of allergic diseases like AD.
Our study has some limitations. First, this is a cross-sectional study, which does not allow us to establish a true causal relationship and therefore the questionnaire about mold exposure cannot explain entirely whether mold exposure can act on a cause of the first development of AD or a mere aggravation factor of AD in preschool age. So, it is reasonable to assume that mold exposure during the last 12 months may be a aggravation factor rather than a major cause for the development of current AD. Second, the exposure levels of factors related to mold were not quantitatively measured but were based on a questionnaire. It is likely that the questionnaire-based assessment is usual situation in epidemiologic studies and only partially reflects true mold exposure, but there is very rare data of the real measurement of fungus by culture or metagenomics regarding to allergic diseases because of expensive cost. However, by investigating five measures related to mold exposure in detail, we tried to maximize the accuracy of the questionnaire for assessing mold exposure. And the results of each individual questionnaire based measures of mold exposure was consistent effect on the development of AD in this study. Third, the number of children included in this study was relatively small.
However, the number of children was greater than 900 and the response rate was comparatively high (98.5%). Fourth, there may be some recall bias in the study. However, in comparison to studies investigating older children, the possibility of recall bias may be low because the subjects were preschool-aged. Fifth, there may be many possibilities of nonmeasured important variables and confounding factors. Although all of variables and confounding factors are not considered in this study, we tried to investigate the fact that mold exposure could affect the development of AD by adjusting the sensitization of house dust mite as representative confounding factor.
The main strengths of the present study include the in-depth study examination of various factors related to mold exposure and the replication of our previous study 4) related to gene-environment interactions on the development of AD. These detailed questionnaire based measurements of indoor mold exposure may be used in the future epidemiologic study for the evaluation of environmental factors.
In conclusion, the main focus of the present study was to analyze interactions between genetic and environmental risk factors in the development of AD, especially in susceptible children. Additional experimental studies, such as the direct measurement of mold exposure in a cohort study or an animal study of mold exposure, will be needed to better understand these observations. In addition, we identified a possible gene-environment interaction between TLR4 and mold exposure. These findings suggest that early avoidance of mold exposure during infancy is important to prevent the development of AD, especially in susceptible children.
